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SUMIIAET 

Lift and eloTator hinge-moment characterlstloe of a 
horizontal tall| provided with various plain and "balanced 
elevators and mounted qn a typical pursuit fuselage t vere 
measured In the ITACA 7- "by lO-foot wind' tunnel at atti- 
tudes simulating normal-^fllght and spin conditions. 

!Che lift ef f ectlvenees of the elevator vas prectlca.* 
ly Independent of the size of the aerodynamic balance. 
She elevator with a large overhang vas overbalanced 
throughout some range of deflections and would therefore 
require the use of an unbalancing tab for satisfactory op- 
eration. Secause, at angles of attack above the airfoil 
stall* the elevator maintained about half of Its lift ef- 
fectiveness, increments of lift can "be o'btalned to upset 
the spin eq.uillbrium and effect a recovery if the elevator 
can he noved. The plain unbalanced elevator generally 
floated at lower negative deflections than did the halanced 
elevator under spin condition. A trimming tab, deflected 
in the same direction as the elevator, presents a feasible 
means of reducing the stick forces in a spin to a magnitude 
the pilot Is capable of exerting. 

IITSEODUCIIOH 

Because the trend of design of modern aircraft is 
toward airplanes of high speed and large size. It has be- 
come increasingly necessary to reduce the hinge moments 
of the control surfaces so that, for all conditions of 
flight, the control-stick forces are of a magnitude the 
pilot 1b Capable of applying. Zhe reduction of control- 
surface hinge moments must be accomplished In such a man- 
ner as to Improve and not to Impair the flying qualities 
of the airplane. In an effort to solve this problem, the 
NACA Is conducting an extensive investigation of the 
aerodynamic characteristics of control surfaces. Xhe main 
objectives of this investigation are to arrive at a ra- 
tional method for designing airplane control surfaces, to 
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Aeternlne the type of fl&p arra&gement b "best suited for 
use ae a control surfaeef and to supply ezperlaental data 
for design purposes.' 

She fundamental part of the HACLA. InTestlgatlon Is he- 
Ing nade In two-dimensional flow. Beferance 1 presents 
some theoretical consideration for airfoils with flaps 
and some experimentally determined design parameters for 
plain flaps, of any chord. The effect of gap at the nose 
of a plain flap Is given In reference 2. Section charac- 
teristics of a flap with a large, a email', and a medium 
aerodynamic halance of various nose shapes are reported 
in references 3« 4, and 5, respectively. 

Certain modern airplanes have such excessive stick 
forces in a spin that tho pilot is unahle to move the con- 
trols to make a recovery. One purpose of the present in- 
vestigation was, therefore, to provide data on the aero- 
dynamic characteristics of elevators at attitudes simulat- 
ing spin conditions. This Invostlgntlon was also under- 
taken to provide experimental data on finite span, bal- 
anced control surfaces, and to help estahlish a correla- 
tion betveen the characteristics in two-dimensional and 
three-dimensional flow. 



STIISOLS AHT DSJiiiriiions 



She symhols used in this paper are: 




lift coefficient (L/(iS) 
drag coefficient (D/qS) 

elevator hlnge-mbnent coefficient (H/q^gSg) 



where 



L 



lift of fuselage-tall combination 



D 



drag of fuselage-tail combination 



H 



elevator hinge moment 



dynamic pressure 



8 



horlzontail tall area 



8q elevator are^a 

o mean geonetrlo ahord of tall 

Oe mean geoqetrio chord of elevator 

mean geonetrlo chord of tab 
TTg root-mean-r square chord of elevator 
and 

a angle of attaok of tall surface 
\i/ angle of yav 

8g elevator deflection with respect to stahlllzer 

(positive with trailing edge deflected downward) 

6^ tah deflection with respect to elevator (positive 
with trailing edge deflected downward) 

A aspect ratio 

also 




etc, 

Lower>*case letters are used to Indicate section coeffi- 
cients determined. in the two-dimensional-flow investiga- 
tions of references 1( 2, 3, 4, and 6. The suhscrlpt 
Indicates the factor held constant In deteruinlng the pa- 
rameter. 
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Certain terms as used in this paper ere defined or 
explained as follovst 

1. She terms "flap***, "control surface," and. 
"elevator" are used Bjrnonynously . 

2. She terms "overhang" and 'balance'* are used 
synonymously. 

3« An "unbalanced" flap Is a plain flap with a 
nose radius -approzliaately equal to the sealthlckness 
of the airfoil section at the hinge axis. 

4. She elevator chord Is- measured from the 
hinge axis to the trailing edge of the airfoil. 

5. She overhang Is measured from the hinge 'axis 
to the nose of the movable surface. . 



■ APPABASUS 4lSD MOISBL 



She tests were made In the iTAOA 7- bv 10~fo.ot wind 
tunnel described In references 6 and 7. She uodel was 
mounted In the conventional nanner on the balance fork 
for force-test mecBurements . She elevator hinge mouents 
were measured electrically by a calibrated torque rod lo- 
cated Inside the fuselnge of the model. 

She plan form of the horizontal tall tested la shown 
In figure 1. It had the following physical characteris- 
tics: 

ITACA 0009 airfoil section 
Sg/S = 0.27 

S s 257 square inches (including the area 
projected through the fuselage) 

A = 3.7 

Saper ratio = 1.77:1 . 

c .B 8.2<-5 Inches 

Cq ■2.27 Ihches 

"Sq b 2.39 Inches 

C|. a 0.20 Cq 
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She tall Biirfaoe v&n- prorldad vlth Intez'ohangetible 
-■'Mobka tb '^To'tho following five arra&g6iaisnt''8 of 1)alanoe 

(fig;; a)r . ■-■ . 

■ i;- Unbalanoed flap vlth "blunt nobe : ' ■ " ■ ' 

. .■ ; ■ ■ 1 •" . ■ 

^ 2» O.SSo. balance vlth blunt nose 

to ' 

:-'S, 0«36o- 1)alancfr vlth flhalrif Aove- 
' 4:* ' 0»50bg ialanoe vlth liluni hbee ■ ■' - "- - 
G'm ' 0;B0o_ "baiance vlth. sharp' no a 6 •' 

I • • . . • " ■ ' ■ ^ ' • ' J J ' " ^ % : ' ' 

She horlaontal tal^ surface vaa aounted'oh a fiodbl of 
a tTp'loal' purault fuselage . (fig. "2) at an angle of Incl- 
dehe'Q ojf 2*3°. She fuselage Juboture was filleted. She 
model had no" vlng, propeller , iir . Tisrtioal, tali . She but- 
out for the vlng through the fuselage vaa faired. In. 

She ^leTatr or deflect tons were held.hjr a frljBtlon 
' plaiip on the torque rodf ' Si^'b deflections ;vere hold, "by 
the stiffness of bent hraas wire . hlngaa'.' All defleotlona 
were aet hy tdmplet a.' 

TBSSS 

She tests, wars ;aada at a dynamto pressure of 16.37 
pounds, pet sqixare' f 00^ , Which correaponda 1 6 . a. TeT-dclty of 
Sd iniles' pe!r hour uhder standard sea'-ley'el pon'ditlons. 
Based on the average chord of the hbrizdntai tall,' the 
test Be3mold.a nuaher waa.502«000. She effective Beynolda 
number of the teats was 80S,000( the turbulence factor of 
the 7- by 10-foot atmoapherlo tunnel being 1.6, 

£n' order - 1 Of ^ aimulate spin as well as ^6riaal-f Ijtght 
' conditions, ' the "model ^as tested throughout an qingie-rof- 
attack range' f rem about -I0°'to 47° and' thil^ough a yaw 
range from about -10°- to 46°. Swo gap Tarlatlonb, sealed 
and O.pOjSe gap, .were Investigated, 

.\Lt. 0° e^ngi^ . Of .' yav,".'th6 model waa tested throughput 
' the angle-of^attack range at elevator .fLef lections of 6*^» 
0°, ••10°; ••)30°; and -Z6° jfor the unbalanced elevator ' and 
at 5°, 0% -10°, -i5°, and -so'' ^ for the balanced elevators. 
Vlth an'un'sdaled gap, tests were 'made at each elevator' de-> 



I 



6 



flection with the tah neutral; "but, with a aealed gap* the 
tab vas deflected -10^, 0-°. lO^^fox each elevator deflec- 
tion. Eeadlngs vere taken at 4 Increments of angle of at<> 
tack In the unst ailed range* at 1 Increments during the 
transition from the unetalled to the stalled state, and at 
5° Increments In the range vhere the tall surface vas com- 
pletely stalled. 

iill tests throughout the yav .raUjge vere made with a 
sealed gap and with tal) neutral* In order to slnulate 
yawed flight at unoUled attitudes.* all elevators vere 
tested throughout the yav range at 3*3^and 14.3 angle of 
attack of the tall with 5 * .0 , and -10 elevator deflec- 
tions. In order to simulate conditions encountered In a 
spin, all elevators were tested throughout the yaw range 
at 27*3 and 47.3 angle of attack with large elevatgr de- 
flections. She unbalanced elevatorQvas deflegted -30 and 
-30 and the balanced elevators -IS and -20 for these 
tests* Headings were taken at 5*^ Increments of angle of 
yaw 'throughout the yaw range • 

She gap between the stabiliser and the elevator was 
O.OOSe when unsealed. Sealing the gap vas accomplished 
by filling It with a light grease. All tests were made 
with the tab gap aealed. 

Zests were made of the fuselage alone throughout the 
angle-of-a^taek^rangg et 0 yaw and throughout the yaw 
range at 0 , 12 , 25 , and 45° angle of attack of the fuse- 
lage* Because of the 2.3° angle of Incidence* the angle 
of attack of the fuselage ec^uals the angle of attack of 
the tall minus 2*3 . 

FS3GCISI0IT 



Because of the small size of the tall surface tested, 
no corrections vere necessary for the effect of the tun- 
nel walls. Strut-Interference effects have also been neg- 
lecteda 

The angles of attack were set-to vlthln -0.1° and the 
surface deflections to within ±0.2 . Values of lift and 
drag coefficients vere measured to vlthln ±0*002 and val- 
ues of elevator hinge-moment coefficients to within ±0*003* 
She differences In drag of the various elevators when neu- 
tral noTtt not measurable; %t was less than 0*002* 
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BeoaUBO' a primary purpose of tbese tebte is' to furnish 
data on finite balanced control surfaces « lift and hinge - 
moment ohar'aoterlattos as affected "bj ^ngle df 'att&dk, an- 
gle of yav* 'dldTstor deflection, teJa def le.etionB, and el- 
eve/tor gd]|i'are presdnted for each of the five -eleratcrs 
tested. Because the Td-rious ta,ils. wer.e- moutirted on-'& fuee- 
lagCa' all the- characteristics presented include- the' mutual- 
interference effects of the fuselage and: the horltontal 
tall . 

She cheracterlsticB of the fuselage alone are pre- 
sented in figure 3 as a function of angle of aittaclc at 0° 
jSLtT and as a funetlbn of angle of jav at four angles of 
attack. 

She lift coefficients of the vurlous fuselage-tail 
conhinat ions and the corresponding elevator . hinge-moment 
coefficients eire presented in figures 4 to 8 as a function 
of an^lo of attack of. the tall for several ele7»tor de- 
j^lectlons vith zero tah deflection. Fart (r) of each fig- 
ure presents these characteristics .with the elevator gap 
8e».led vith grease, dnd part (h) presents the data vith 
this gap equal to 0.005c. 

She Increuen-ts of lift coefficient' ^Oj, of . the' . tail 
surface, alone plus. Interference- end the corresiionding in- 
crement. .of elevator hinge-moment coefficient ^Cj^ caused 
"by angle of yav are presented as a function of angle of 
yav in fi^fures 9 to IS for each, of the tails. Shese in- 
crements vere found hy' deflecting the charaeteristlce of 
the tall plus Interforonce in the unyaved , condition from 
the chartvoteristlos Of the yaved donditlon, all other 
factors heing constant. She lift of the tall alone plus 
Interference was found by deducting the lift ^of the fuse- 
lage alone from that- of the fuselage- tail, comhlnatlon at 
.the Bane cttl.tude. Parts (a), ("b),' (cf), and (d) of fig- 
ures 9 to IS give the data -plotted as -a function of angle 
of yav for a different angle of attack and for several 
elevator deflections. She elevator-stahllizer gap vas 
sealed and the tab vas neutral for the data presented in 
these figures. 

She inorenent of lift coefficient of the fuselage- 
tail combinations and the corresponding Increnent of ele- 
vator hinge-moment - coefficient caused by 10 and -10 tab 
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daflectlona are pr.d8entQd qiB a fuiio1ilo& of 1)oth angle of 
attack and elevator deflection In figures 14 to 18 for eaoh 
of the flTe tails. Shese Increments were found Toy deduct- 
ing characteristics pf the model vlth tal) neutral from 
eharaotarl sties with the tab deflected, all other factors 
helng constant. Fart (a) of figures 14 t&.18 gives the 
coefficient lncreme;at]B due to tah deflection as a function 
of angle of attack at sero elevator ^efleot-lon and sere 
yatfa Parts ("b) and (e) of these figures give .the coeffi- 
cient increments due to tab deflection as a function of 
elevator deflection at several angles of attack ^n&. ^ero 
7aVa . The data presented In these figures vere o.htained 
with the elevator gap sealed with grease. 

The r.ngle-of-atteck of the tall used for presenting 
some of the data of figures 9 to 16 vere chosen to repre- 
sent: 

o 

1. A small unstalled angle of attack, 8,3. 
2m A large unstalled angle of attack. 14.3° 

3. An angle of attack slightly above- the stalla 27*3° 

4. An angle --of attack far above t^e stall, 47.3° 

Oharact eristics are. presented in these figures for snail 
elevator deflections at the unstalled angles of attack and 
for large elevator deflections at the- stalled angles of 
attack in" order to approximate flight condition's. 



SISGUSSIOIT 

fuselage Alone and 7uselage Interference 



She lift of -the fuselage alone is shown in figure S 
to be negligible; Cx, ■ 0.0003 at- angles of attack be- 

GG 

low that at which the tall stalls. At an ,ingle of attack 

of 20°, Cj, becomes Q.OOo and the' lift ooeffiolent Oj^t 

■ ct " 

based on tall-surface dimensions Increases gradually and 

steadily to a maximum value of 0.009, at the largest an- 
gle of attack tested. 

Because of fuselage interference, the p.ngle of at- 
4iack of zero lift for all the tails (figs. 4 to 8) was 
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a1»out- 1°, .,9!hl0 .lnto£jr.0]:enoe . .effect; agrees ^ualltatlTeljr 
with. prerlouB experlmeatal data. . . ' . . 

She slopee of all the currea of flguraB..4 to 8 are 
affeo.tad somevhat "by an xmlcnown interference factor. She 
slope of -the lift purree in the unstalled range is very 
nearly that of the tall alone plus interference' "because 
the contrihutlon to lift hy the fuselage alone has al- 
ready "been sho'vn to he negiigihle in thla range, A'bove 
the stall) bovBTsr, eone of the inoreaso in lift witb an* 
gle of attack may "be attrihuted to the fuselage (fig* 3). 

As tlie fuselAM is yawed at small angles of attack 
(fig. 3(1)), a = 2.9. )t lift of the fuselage increases 

positively. At larger angles of attack, however, the lift 
deareases with angle of yaw. Oonsec^uently, a large part 
of the Increment of lift of the fusolage-tall oomhination 
due to yaw is caused "by the fuselage itself. 



Lift Oharacterlstlcs of I'ueelage-f all Comhlnations 

Ifith a sealed gap, all elevators tested showed the 
slope of the lift curve Gt, to be 0.053 (figs. 4 to 8). 

Ob . 

Vlth en unsealed gap of 0.005c, this slope vas generally 
slightly less, being about 0.051 or 0.050. Above the 
stalL, the Cj^ of the combination increased slightly with 
increaslne angle of attack. In the range of angles of at- 
tack from 53° to 47°, the Increment of lift coefficient 
of the fuuelage alone vp.e about 0.04 and that of the combi- 
nation was about 0.10. She results indicate that^ as the 
angle of attack was Increased beyond the stall, the lift 
of the tail alone plus interference did increase slightly, 
as is normally characteristic of thin airfoils. 

She ef feotiveness of the various elevators in produo** 
ing lift is practically Independent of the size and the 
shape of the aerodynamic balance. With the gap sealed, 
the slope Oj,^ was 0.029 for all blimt-noBe elevators and 

0.028 for sharp-nose elevators' regardless of the siae of 
overhang (figs. 4' to- 8). Unsealing the gap. did not, change 
the effectiveness Dj,^ for' elevators vlth a blunt-nose 

balance. Tor a plain elevator and' elevators with a sharp- 
nose balance- Or, was about 10 peroent less with an open 

0 

gap than vrith a sealed gap. She so results are in agree* 
ment with the section data- of .references -2 to 6. 
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At angles of attack 'beyond the atallt the lift effeo- 
tlTonesB of all elevatora Is ahout 'half as great as "be- 
fore the stall. Blevator deflections that are Ineffective 
In producing Increments of lift helot^ the -stall "becosie ef- 
fective vhen the airfoil has completely stalLed. (See 
83 = .SO In fig. 4(a) and 8e <= -ZO In figs. 5(1)), 
6("b), 7(a), and 7('b).) Thus, If the elevator can "be moved 
when the airplane Is In spin attitudes. Increments of lift 
can 'be o'btelned to upset the' spin eq.uill'brlum and effect a 
recovery. 

She r.pprozlmate maximum deflection to which the ele- 
vator was effective In producing an Inor'enent of lift "be- 
low the airfoil stall, when deflected In opposition tg 
the p.ngle of attack, was 30° for a plain elevator, 20 for 
a 0.35c 'balanced elevator, and 15° for a 0.500^ "balanced 
elevator. - !Chese llxalts for the "balanced elevators are 
closely associated with the unportlng angle of the eleva- 
tor, the angle at which the nose of the "balance protrudes 
ahove the sta'blllzer. 

She plain elevator with open gap (fig 4(*o)) and the 
O.SOcg sharp-nose, balanced elevator vita sealed {^ap 
(fig. &(a)) showed nearly linear effectiveness throughout . 
the unstalled an:s;le-of-attack range for deflections to' the 
limits given.. Vlth sealed gap the plain elevator (fig. 
4(a)) showed nearly^llnear effectiveness to a'bout. 25 de- 
flection hut, at 30 deflection although the elevator had 
not stalled, violent separation ha,d occurred resulting In 
a large loss In lift .effectiveness throughout 'the un- 
stalled anglo-of-attack range. The O.SScq sharp-nose, 
"balanced elevator with sealed gap (fig 6(a)), the 0.500- 
"blunt-nose, "balanced elevator with sealed gap (fig. 7(a) ), 
and the .O.SOCq sharp-nose balanced elevator with sealed 
gap (fig. 8(aT) all gave approximately linear character- 
istics with elevator deflections for values "below the un- 
portlng angle stated, when deflected In opposition to the 
angle of attack. When deflected In conjunction with the 
angle of attack, however, these elevators showed large 
losses In lift effectiveness at the limiting deflection. 
Indicating a severe separation of flow. The O.SSCg sharp- 
nose, "balanced elevator \flth open gap (fig. 6('b)), the 
0.35Cg "blunt-nose, "balanced elevator with "both sealed and 
open gap (figs. 5(a) and 5('b)), and the O.SOCg sharp-nose, 
"balanced elevator with open gap (fig. 8("b)) also showed 
linear lift effectiveness to the deflection limits given 
when deflected In opposition to the angle of attack. The 
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elevatora of thle group, hoverer, when deflected In oon- 
junotlon with the angles of attack to the limits stated, 
produced negative lift ef f eotlreneBBi indicating a stalled 
oonditlon of the elevator. 

XhUBi when large amounts of aerodynamic halance are 
employeda the maximum angle to vhicfa the elevator maj he 
deflected in conjunction vith the angle of attack is less 
than that for- a plain flap. This fact should he recog- 
nized In the .design of a control surface employing a 
large amount of overhang. 

The variation with angle of yaw of lift of the tall 
alone plus interference (figs. 9 to 13) wag such that, at 
smnll unstallad angles .of attack (a s 2,3 ) the incre- 
ment of lift coefficient ^Oj, caused "by yaw was positive 
and increased in magnitude to 40 ' yaw. As the angle of 
yaw was Increased -further to 44 , ■ LOj^ decreased. She in- 
crement of lift due to yaw at a given angle of yaw genor- 
nlly hecame slightly more positive as^tho elevator was de- 
flected upvard (negativelyK At 14.3 angle of attack 
the Increnent of tall lift coefficient due to yaw was neg- 
ative r.nd increaoed in magnitude hut not linearly, as the 
angle of yaw was Increased. At S7.3° and 47.3° angle of 
attack, hovever, the Increuent of tall lift coofflclent 
reuialnef. nearly zero up to alJout 20° angle of yaw. Ati the 
tail was yawed farther, the indreDent hecane negative and 
increased in magnitude. Bayond aliout 39° angle of yaw, 
the negative Increment of lift coefficient generally showed 
a tendency to remain constant or even to decrease, in magni- 
tude as the tail was yawed to the maximum angle- tested. 
At 27.3° and. 47. 3° angle of attack, LOj, due to yaw was 
only to a slight extent dependent on elevator deflection. 

She ahovet-jaentioned con-slderations apply generally 
to all five elevat.ors tested. She degree to' which each 
elevator fits these generalities is indicated in the curves 
for each elevator. (See figs. 9 to 13.) iPlgure S Indi- 
cated the part of the total change in lift of the fuselage- 
tall comhinatlon caused hy the fuselage alone as the model 
is yawed. 

Ihe variation of lift with yaw at 14.3° angle of at- 
tack is such- as to Increase negatively the Tift^on the 
tall as the airplane Is yawed. IC^his effect will tend to 
oppose the diving moment produced hy the motion of. the 
tail away from the region of strong downwash. at the cen- 
ter of the wing as the complete airplane is yawed. 
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Lift 3ff eotlrenesB of the Sal) 

She eff ectlTeqesa ' of ther 'tali In produolng ln6remazit b 
of lift vae praotloall7 Independent of the amount of dle- 
▼ator 'balcnoe^ (figs, 14 to 18). She tal) vaa ellghtly 
leas effective In changing the lift of the horizontal tall 
aurfaoe vlth a aharp-noaei "balanced elevator than vlth a 
plain elevator or a 1)lnnt-noae.( "balanced elevator. Ihla 
result Is ai^parent fron a eomparlaon of part (a) of fig- 
urea 16 and 18 vlth part (a) of flgurea 14, 15, and 17. 

The lift effectlvenoaa of the tah for 10° and -10° 
deflection at aero elevator deflection vaa practically 
constant throughout the unatalled range of angle a of at- 
tack* At ajxgle.a of attack heyond the stall the tah on- 
all elevators hocaQe less effective' In producing incre- 
menta of lift, Qualitatively thla la the' aame reault aa 
vaa found for the eleva,tor eff ectlvenesa at h.nglea of at- 
tack heyond the stall. For all elevator a the lift effeo- 
tiveneaa of the tah deflected 10 e.nd -10 vaa nearly In- 
dependent of elevator deflection. 



Elevator Elng.e Uouenta 

"For all elevator arrangement a the variation of eleva«r 
tor hlnco-moaent coefficient Oj^ . vlth angle of attack 
and elevator deflection, as Indicated In flgurea 4 to 8^ 
la linear at attitudes vhere the air flov haa hot aeparat- 
ed over tlie flap. Ifhon tho air flov separated over the 
elevatori tho hlnge-aoment coefficient curves hecame non- 
linear and the magnitude of tho coefficient increased aa 
separation progressed. Vhen the entire airfoil stalled 
at sone positive angle of attack, the center of pressure 
on the elevator aoved to the rear, giving rlae to large 
negative Increments of hinge moment-. : At anglea of attack 
beyond the stall, ^h canerally negative and the 

curvea of hinge-moment cpefflcleht as a function of an- 
gle of attack (flqa.'4 to 8) are fairly regular. At 
large atalled anglea of attack the elevator floata freelyi 
generally at acme large negative deflection. 

At unatalled anglea of attack, the elevatora having 
a 0«35c- balance vlth aithep a blunt or a sharp noae (flga. 
6 and 6; gave appreciable reductlona In hlngo-moment ' co- 
efficient over a plain elevator (fig. 4). The aharp-noae 
balance did not give quite aa amall a value of Gji. aa 
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dJL£l,.the .-Itlunt-noB^. .^q.?, nnpe , . %^ 9 _ jDa^^^np In^ . of f act Ive- 
n^sa- waa- nalntAlaad t-o higher deflections-, ^hia reault la 
In agreeiaent with jthe veaulta preaentecL In reforanoe.' 6. 
jLlthough on thla baala a sharp-no ae ahape appear a all£htl7 
batt^^ than a "blunt-npsa Bha.?e, refavenoe & indl'oataa that 
the hxt^ak In the aurfa,oa contour with a sharp nbae- .'cauaea 
greaijs'er drag fhan t.t does, with a hlunt.noaa* I7njpaa3.1|ig 
th» ''gap - re'duded' hoth Cy, and C^ii • "btit vi tlx' the "b'tiint 

noae i.fX'e- 5(h)} th^^ hinge monenta at !-l5 aii,d -80^ d:^- 
flebtlon heoftne'-ratjiar' 'Irregular . Ifltli . the' gap 0^'en.^f. 
C}^^ at aero eX'av-a^or. deflection hocame'poaltlTet which la 

a'dealraola charao%«tl'&tio from conalder&tlona of free- 
control a'tahlllty. '- ■' ■ 

At ur.Htalled ahclba of attack' the" alevat or a' having 
a O.SOoe "balance with either a "blunt- or a aharp-noae 
ahnpe (flga. 7 and 6)' were ovsr'balanoed through eoue '.range 
of deflectlona. Vlth a aealed gap, the 'blunt-nose eleva- 
tor was over'bnlanoed at small def leetlona . ( f lg« 7(a)); 
with an dp^n gapi orerhalance did not occur until greater 
■than'5 def lection';- 'and-^ at 15° deflection, the hinge mo- 
menta ■became irregular" fend unsatisfactory (fig. 7("b>), 
She sharp-noae elevator with the gai;i both avdle'd and un- 
aealed waa- overbalanced -at deflectlona greater than 10 
(flga. Q(a) and 8(b)-); Ulth the gap dealed, 0^^ "for 

both the blunt- and sharp-nose shapes was zero but, with an 
unsealed gap; the, slope became definitely positive,. 

; Becauea of overbalance, an elevator with a 0*.50Cg. 
dVefhang oai^not be used without a leading (unbalancing) 
tab, '.(.6a6 reference 5.) By .proper use of auch a-tabV 
hoVavQ.r ii' desirable character! s.^.lc.a can be obtained. -J^.or 
dxaitipra,. It la evident from '-^n'.l'napect ion of figure a 8(b) 
and .IQ :that^a tab def lected '-1Q . when the elevator la da- 
fiectad'-15 i^lll prevent oVarbalanoe of the elevator 
and alao Increaaa the lift B.'t- thla deflection. Shua, if a 
tab is geared to deflect -In , the same direction aa the el- 
evator throughout the def l.ectlp'n range wherein. the eleva- 
tor la QVerbaianoed, the overbalance can ba prevented and 
the lift .eLff'e'ctlveneaa of the eiev.^tor can be Increaaad* 

At anglea of attack above the stall, auch aa are en«i 
countered in spins, 0^^ for all elevators generally be- 
came greater than when the airfoil waa unatallad. At an- 
gles of attack allghtly above the atall, the alopa 0}^^ 
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Was Bometlmes positive "but, eCt anglea of attaok far a'bore 
th& stall t It Vab generallj negative and of greater mag- 
nitude than at angles of . attack "below the. stall. 

She fr^e-floatljig angle of an elevator at spin atti- 
tudes Is dependent upon the ratio of 0^ to .0]^^ at 

the angle of attack In cLuestion. Ihus, hecause- Gji^ Is 

greater ;for a plain elevator than for a balanced eleyatort 
a plain elevator generally trims at a smaller negative 
deflection than a IJalanced elevator. Zhla result indi- 
cates that It will require more push force to start moving 
a Italanced elevator off the stop to upset spin edullllirium 
than it irlll to start moving a plain elevator. The force 
required to hold a plain elevator at zero deflection In a 
spin lS| however, greater than that required to hold a 
"balanced elevator of the same chord, although for either 
elevator the force may he greater than the pilot Is capa- 
ble of exerting. 

An examination of figures 4 and 5 indicates that,' at 
the large angles of attack typically encountered in a spin, 
there was at each angle o-f attack some negative deflection 
■at vrhlch the hinge-moment coefficient vas the same for 
hoth a plain and a 0.35Cg halanced elevator. At more pos- 
itive deflections the balanced elevator gave smaller hinge 
moment.SB hut at more negative deflections it gave greater 
hinge, momonts than did the plain elevator. Xt is evident 
that there can e:clst a condition where the stick forces of 
a "oala^icec'. elevator are greater than those of a plain ele~ 
vator of the same chord and plan form. Shis situation is 
caused hy the relative free-floating tendencies of the 
vaitious elevators at the hl^h angles of attack encountered 
In a spin. TVhen the dynamic pressure in the spin Is such 
that, the stick forces involved approach the maximum a pi- 
lot is capable of exerting, it is entirely possible that 
recovery can be mnde with a plain elevator when it cannot 
be made with a balanced elevator. Ihls situation exists 
only when the deflection required to start recovery is 
more negative than the deflection at which each elevator 
has the same hinge-moment coefficient. Ifhen it is more 
positive than this value, exactly the opposite situation 
can exist; that is, recovery can be made with a balanced 
but not an unbalanced elevator. She manner in which these 
generalities apply to any particular airplane can be com- 
puted from the data presented if the elevator deflection 
required to upset the spin equilibrium Is known. 
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She use- of a t'ir'liu&rng %'a'B' pr'Aselits a "ooiiTeitl&xtli- -and 
feael'ble means of reducing the stick forces encountered In 
a spin to a magnitude the pilot Is capable of applying. 
Tlgures 1'4' to 18 In'dlcaite a ta.'b to l>e more' effeotlve in 
changing hinge/ -moment s at angles xt€ attack aho've the stall 
than 1)elov the stall'. Shust at spin attitudes a trimming 
tah deflected in the' salme direction' as the elevator vlll 
shift the free-floating angle of any elevator In such a 
manner as t'O 'reduoe the stick forces. An inspection of 
figure 15(c) Indicates that a trimilng-tab deflection of 
ahout -10 made the 0;55c. hlunt^-nbse elevator float at 
aliout the same an^X^ as Aid the plain elevator- at- 47.3 - an~ 
gle of attack. ' ■ - 

A comparison of "blunt-nose and sharp-nose elevators 
under spin conditions (figs. 4 to 9) indicates that .sharp- 
nose elevators have hotter free-floating tendencies than 
hlunt-nose elevators; that 1b. they float at smaller nega- 
tive deflections'. !fhe 0.50oe 'blunt-nose, halanced eleva- 
tor .uith seailed gap (fig. 7(^^)1 vould apparently reach un- 
stahle epuilihrium at ahout 20 deflection at spin' atti- 
tudes. 

. : Parameters 

- She values of the hinge-monent coefficient parameters 
presented' in figure 19(a) are for hlunt-nose elevatorg and 
were road from the 'curves of figures 4, 5, and 7 at 0 an- 
gle of Attack or elevator deflections. In the interpreta- 
tions of these parameters It should he rememhered that sep- 
aration phenomena causes nonlinearlty of the curves of air- 
fpll. oharacteristlcs aqd, therefore, the slopes -quoted can 
apply strictly .onl^ over the linear range at vhich the 
slope, vreis me'a3ur4''cL • 

She current seriee of .test s indicated (fi&. 19(tf)} 
the follbying trends for hlunir-nose halanoes on the finite 
tall surf aoe ' tested. Both 'and .^hg decrease in mag- 

nitude as 'the si se . of ' aerodynamic halanee is increased. 
As interpolated from the test datahy means of the curves 
of figure 19, "becama serb wlth,ahput O.SSo^ overhang. 

vhen the gap was unsealed.. Llkevise, C}^^ 'became zero 
with approve! mat el y 0.4$Cq overhang, when the gap was un- 
sealed;, "but, vi'th open gap,. the ele'V'ator was not overhal- 
anoed at low deflections .with a 0.50Cg overhang. ' Vith 
overhangs greater than 0.40aQ, however, the elevator was 
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pro'ba'bl7 orerTia,lAnoed throughout . spne range of -deflection 
regardlesB of gap. 

Because the lift diaracterlatlcB vere practloal-l7 un-i 
affected "by ua seal 1 ng . the gap and the hlnge-aozient paraa- 
etere vere reduced, the test results Indicate that, for 
hlunt—nose, "balanced elevators, a 0.005c gap is more 
favora'ble than a sealed gap. Tor a plain elevator, how- 
ever, this result Is not true "because tmseallng the gap 
appreciably reduces the lift.- Shese conclusions are fur- 
ther Bu'bstantlated hy. the test results presented In refer- 
ences Sf 3, 4, and 5; a comparison of the measured parame- 
ters vlth the parameters of these references Is discussed 
In a later section of this report. 



Effect of 7av on Slevator Hinge Uoments 

Because the current series of tests were nade without 
a wing on the model, the characteristics of the horizontal 
tall cannot, of course, be affected by movement of the tall 
away from the region of strong downwash at the center of 
the vrlng as the complete airplane is yawed. Being inde- 
pendent of this effect, the character let ice presented as a 
function of angle of yaw may be considered as applying to 
an airplane whose horizontal tail lies entirely clear of 
the wing downwash or as being a component part of the to- 
tal effect for a complete airplane. Shis fact should be 
borne in ulnd when interpreting the data of figures 9 to 
13. 

. Q As indicated In figures 9 to 13, angles of yaw up to 
20 throughout the unstalled-f light range and angles of 
yaw up to 10° throughout the stalled-f light range affected 
only slightly the hinge-moment coefficients of^all eleva- 
tors tested. As the model was yawed beyond BO , the incre- 
ment of hinge— moment coefficient caused by angle of yaw 
generally was negative and Increased rapidly in magnitude 
up to sone critical value of angle of yaw inversely depends 
ent on the angle of attack. As the model was yawed still 
farther, the negative Increments of hinge-moment coeffi- 
cient decreased in magnitude and sometimes at the highest 
angles of yaw tested the increment became positive. Fig- 
ures 9 to 13 (Nearly Indicate the variation of Increment 
of elevator hinge-moment coefficient as a function of an- 
gle of yaw for each elevator tested. At large unstalled 
angles of attack, the negative increments of hinge moment 
caused by angle of yaw tend to compensate for the Increased 
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stick force due to tbe la^g<)r negiitiTe elevator defleo- 
tlons reoulred ta or&9r to maintain constant speed as the 
airplane Is sideslipped when landing. 

..-Zffeet of -Sail on Elevator Hinge Moments 

Vith the elevator ndutralf the tajb was moat effective 
In changing the elevator hinge-moment coefficient at 0 

.'eingle of attack and "became leas effectivei a'a the angle of 
attack Inereaaed either positively or negatively in the 
unstalled range. At angles of attack "beyond the stall, 
the teJa often gave inereaents of hingoi-moment coefficient 
approaching in magnitude the values "below the stall* 

.Parte (a) of figures 14 to 18 present this variation for 
all elevators tested, figure 17(a) indicates that* for a 
O.SOCg "blunt-nose elevatort the hinge-moment effectiveness 
of the ta.'b was greater heyond the stall than helow the 

.stall "but, "below the stall* the Increments were much 
smaller for this elevator than for the other elevators 
tedteda Because of the large amount of overhang -on the 
O.SOCg balanced elevator this result might he expected. 

The Variation of Increment of elevator hinge-moment 
coefficient caused "by ±10° tah deflection as a function 
of elevator deflection (parts ("b) and (c) of figs. 14 to 
18) was not consistent for the various elevators tested. 
There existed a tendency, however* for the increment ^o "be 
fairly constant for elevator deflections loss than 10 for 
all elevators except the plain and the O.SOCe "balanced 
blunt-nose elevator, which were quite erratic. At deflec- 
tions greater than 10°, the increments generally became 
smaller. . 

Because the tab maintains its effectiveness In -chang- 
ing the elevator hinge -moments at angles of attack beyond 
the stall, it can, as has been prev 1 WL-sly pointed out, be 
used as a trimming device in a spin. By an upward (nega- 
tive) deflection of the tab the free-floating angle of an 
elevator can be reduced In a spin and, consequently, the 
stick forces can be lowered. Thus, by. proper use of a 
trimming tab it should be possible to recover from a spin 
when, without the use of the tab, recovery might be in- 
possible . 
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Srag 

Beceuee of the small aise of the tall surface testedt 
the relatlTe drag characterlstlca of the Tarlous elerators 
ooilld not he measured vlth sufficient precision to make the 
resuj,ts eoncluslTe . Xhe differences In drag coefficient 
of the Various surfaces was less than the limits of ezperl> 
mental accuracy preTlously discussed. Based on the tall 
area, the minimum drag coefficient of the fuselage-tall 
con1)lnatlon, however, was determined to he 0.0580 for all 
elevators. 

Profile-drag coefficients are .presented In references 
3, 3, and 5 for elevators similar to the ones tested In 
the present Investigation. Ihese tvo-dimensional-f lev 
data Indicated that the profile-drag coefficient of e 
hlunt-nose elevator at 0 deflection and 0 angle of at- 
tack uras the same for all slses of aerodynamic halance. 
Because of the ahrupt hreak in the control surface, a 
sharp-nose balance gave an Increment In minimum profile- 
drag coefficient of 0.0024 for the 0.35ce overhang and 
0.0042 for the O.SOCg overhang. (See references 2, 3, and 
5.) 

Coaparison with Iwo-Slmenslonal Data 

Oharacteristlcs of the plain elevator were computed 
from the t\fo-dimenslonal-f low data of reference 1 modi- 
fled to agree with later force-test measurements (refer- 
ence 3), which are helieved to he a hit more accurate. 
The lift correction for aspect ratio was made in accords 
ance vlth the method presented In reference 8, and the 
hinge moments were corrected in the manner discussed in 
reference 1. The following table compares the computed 
and measured values of certain parameters for the plain 
sealed elevatori 
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^Paraaeter 



Measured value 




0.067 



0.053 




-..54 



-.53 




-.0035 



-.0009 




-.0100 



-.0086 



It Is to "be expected that fuselage' Interference will 
affect the charactorl etlos of tho h'oflsontal tall. She 
manner of computing this effect, hovever, is as jet \in- 
knoirn and. therefore^ the computed parameters apply to 

the Isolcted tail surface rather than' to the fueelage- 
tall comhinatlon tested. If It Is assumed that tho fuse- 
la^s Intorferonce caused the discrepancy "betueen the com- 
puted and the measured value of the slope of the lift 
curve then, i-rhen the measured Cj,^ is arbitrarily used 

for computations of the hinge-moment coefficient parame- 
ters, G-ix hecomes -0.0033 and G^. becomes -0.0099. 



veil with the measured value » hut it is apparent that a 
fueelags-interference factor must he applied to correct 
the calculated slope of the lift curve, vhidi is slightly 
greater than the measured value. She hinge-moment parame- 
ters,' hovever, in addition to requiring an interference 
factor are prohahly - oonsiderahly affected hy plan form 
in a manner as yet unknown. Because of these unknown fac- 
tors, finite-tail-surface characteristics computed from 
two-dimensional-flow data hy the method descrihed in ref- 
erence 1 G'i'vo no hotter agreement with measured values 
than computations hased on an average flap-chord ratio for 
the entire surface. 



Iha calculated lift effectiveness 
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The Taluee pf the Mnge-monent paraiaeters aa a fnno- 
tlon of aerodynamlo 'balance for a iClnlte-aapect-ratlo and 
an Inf Inlte-aspact-ratlo airfoil are given In figure 19. 
She plain xinlialancecL elevator, 'because It le hinged at 
the center of the nose radlusi does have a'bout a 9-percent 
eleTat or>-chord overhang. This overhang, however, can con- 
trl'bute no 'balancing effect 'because all forces normal to 
the surface of the overhang act through the hinge axis. 

ihe a'bsolute magnitude of the parameters In two- and 
threcdlaenslonal flow, of course, should not he expected 
to at^ree. She general trend of variation of the parame- 
ters vlth 'balance and the effect of gapi hovever. Is sim- 
ilar. Ihe point at vhlch the curves of figure 19 cross 
zero Is largel7 dependent upon the measured value of the 
parameters for a O.SOCg "balanced elevator. An Inspection 
of figure 7 shovs that the sign and the magnitude of 0}^^ 

depends largely upon what deflection range Is under con- 
sideration. Hence, all that can he said with certainty 
Is that, In both tvo- and three-dimensional flow a O.SSc^ 
overhang did not produce overhalanoe "but a OaSOCg over- 
hang did throughout some range of deflection. Vlth some 
intermediate overhang, "both section data and flnlte- 
alrfoll data indicated that the elevator heoame over'bal- 
anced. In three-dimensional flow, Oj^^ hecame zero with 

a smalHer rjnount of balance than would he predicted from 
section data. 

COSCLUSIOjirS 



Xhe follov/lng general conclusions, 'based on the meas- 
ured aerodynamic characteristics of the various tall sur- 
faces tested in the current investigation, were drawn: 

1. The lift effectiveness of the elevator was practi- 
cally independent of the size and the shape of the aero- 
dynamic balance. Ihe effective deflection range was, how- 
ever, decreased for ths balanced elevators. 

2, At angles of attack below the airfoil stall the 
maximum deflection to which an elevator was effective in 
producing an Increment of lift when deflected in opposi- 
tion to the angle of attack was approximately epual to the 
unportlng angle of the elevator balance and was somewhat 
affected by the elevator nose shape and the gap. 



21 



5, If, at.angl«» of attack far alsova the stall, the 
elevator" can "be iioTed, Inoranent b of lift -can "be o1>tal&ed 
to effect a reooveTr from a spin. - 

4. She effect of aerodynamic 'balance was to raduce 
the elevator hinge .aomentB bo that, for a "bltuit nose shape, 
the slope of elevator hinge-moment coefficient curve vlth 
respect to angle of attack "became sero with ahout S3 per- 
cent elevator chord halance when the gap vaa open and with 
ahout 60-percent elevator chord when the gap was sealed. 
EegardleaB of gap or nose shape, the elevator with a 36- 
percent elevator -chord overhang was not overhalanced hut, 
witli a 0.50 elevator-rohprd overhang, if was always over- 
halanced throughout t«il« 9ange of lofleetions. 

5. It appears possible that recovery from a spin can 
"be effected with a plain elevp.tor and not with 'a "balanced 
elevator or, conversely, with a "balanced 'elevEttor and not 
with a plain alevator, depending upon the dynamic pressure 
and the elevator deflection required to upset the spin 
equili'brium. ; . ' . . ■ ■ 

6. Under spin conditions, a trim' ta'b deflected in the 
sane direction as' the elevator presents a convenient and 
feasi'bla means of reducing the stick forces of an elevator 
to a na^nitude the pilot should "be capa'ble of handling. 

7« She 9-rfect of ?.ngle of yaw on the diar act eristics 
of the isolated fuselage-tall combination was generally 
such as t.o oppose the effects .on a complete airplane 
ca)L>?ed 'b;;' motion of the tail away from the region of 
strong downwash as the airplane is yawed* 

8k Although fairly close agreement was- f"ound "between 
the. measured lift characteristics and those ■ computed from 
two-dimecsional-fljow data, an interference factor for both 
lift and hinge moments is required. A plan form factor 
for hinge-moment characteristic 8. I's also necessary "before 
they can "b^e satisfaptoriiy computed from section data. 

9, The data indicp.te that, with a control surface 
having a large overhang and an un"balancing ta'b, the con- 
trol forceff can "be reduced to any deairedmagni'tude^ "the 
Btick^free ata"bility can "be made equal to or greater 
than the stick-fixed 8ta"bility, and the control effective— 
neaa can "be made equal to or greater than that of a plain 
flap of the same chord* 

Langley Hemorial Aeronautical La"boratory, 

national Advisory Committee for Aeronautics, 
Langley Tield, Ta. 
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Lift characteristics of fuselage alone as a function of both 
angle of attack and angle of yaw. 
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(a) Sealed gap Angle of attack, a , dog 

Figure 5(a,b}.- Lift and elevator hlnga-moment ooefflclente as funotlons of angle of attack 

at various elevator deflections for fuselage and horizontal tail comblnatloti. 
Balanced elevator with 0.35c. blunt nose overhang. 
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(a) Sealed gap Angle of affacM. cl ,deg 

Flgare 6(a,b).- Lift and elevator hinge -moment coefficients as funotiona of angle of attack 

at TarlouB elevator deflections for fuaalage and horlsontal tail oomblnation. 
Balanced elevator with O.SSc, sharp nose overhang. 
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(a) Sealed gap Ang/e of oftaok. or. daq 

Figare 7(a,b).- Lift and eleTator hinge-moment ooaffioienta aa funotiona of angle of attack 

at Tarioua elevator defleotions for faselage and horiiontal tail oombination. 
Balanoed elevator with O.SOOg blnnt nose overhang. 
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(a) Sealed gap Ang/e of attack, ct . dag 

Figure 8(a,b).- Lift and elerator hinge-moment coefficient aa functions of angle of attack 

at Tarioua elevator deflections for fuselage and horiiontal tail oombination. 
fialanoed elevator with O.SOog sharp none overhang. 
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Figure 10.- Ineraments of lift and elevator hinge -moment coefficients due to angle of 
yaw an functiona of angle of yaw at various angles of attack and elevator 
deflections. Balanced elevator with O.SScg blunt nose overhang and sealed g^p. 



NACA 



Fig. 12 




-10 O lO 

(a) oe = 2.30 



eo 



30 40 ■ -10 O 10 

Angia of yonr, ^ , ob^ 

(b) a = 14.3° (e) a. = 27.3° 



ao ao 40 
(d) a = 47.3" 



Figure 12.- Increments of lift and elevator hinge-moment coefflcientn due to angle of yaw 
as funotioni of angle of ya« at various angles of attack and elevator doflac- 
tione. Balanced elevator with O.SOog blunt nose oVerhang and sealed g^p. 
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Figure 18.- Inorements of lift and elevator hinge -moment ooefficiente due to tab deflection 

aa funotlone of bjth angle of attack and elevator defleotion. A O.ZOc^ tab on 
an elevator with O.SOca sharp noae overhang and naaled g»p. 
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Figure 19(a,b) .-Variation of hinge-moment parameters with aerodynamic 
balance as measured in both two-and three-dimensional 
flow. Blunt-nose balance. 



